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Shrinkage Runners in Proton Exchange Membrane Fuel Cell
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2. Center of Shanxi Engineering Research for Coal Mine Intelligent Equipment, Taiyuan University of Technology, Taiyuan 030024, China)

[ Abstract] The cathode flow channel of proton exchange membrane fuel cell (PEMFC) serves as the site of oxidant reduction, and
the interaction of the flow channel configuration and operating parameters is one of the keys to enhance the performance of the cell. A
three-dimensional proton exchange membrane cell model with cathode sidewall shrinkage runner was established to meet the design re-
quirements of PEMFC sidewall shrinkage runner regarding the operating parameters. The changing rules of electrochemical perform-
ance, temperature distribution on the membrane surface and water content distribution were investigated under different temperatures,
pressures and cathode stoichiometric ratios. It is shown that under the constant operating parameters, the current density curves of the
ridge centerline and the flow channel centerline are impulsively fluctuated, and the temperature curves of the membrane surface and the
water content curves of the membrane surface are regularly fluctuated. The current density, temperature and water content at the ridge
centerline are obviously higher than those at the flow channel centerline. Under the change of operating parameters, when the pressure
is increased from 0. 1 MPa to 0.3 MPa, the current density is increased from 0.860 A/cm’ to 1. 500 A/cm®, with an increase of
74.4% . When the temperature is increased from 50 °C to 80 °C , the current density is increased from 0. 822 A/em” to 0. 856 A/cm’,
with an increase of 4. 1% . And when the cathode stoichiometry ratio is increased from 10 to 90, the current density is increased from
1.502 A/cm’ to 1. 568 A/cm’, with an increase of 4. 4% . Furthermore, a PEMFC output performance evaluation method based on the

combined assignment method and the improved radar diagram method has been established. The cathode sidewall-retracted proton ex-
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change membrane fuel cell is shown to exhibit excellent output performance under the operating parameters of 0. 25 ~0. 3 MPa, 70 ~ 80

°C and the stoichiometric ratio in the range of 70 ~90.
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Table 1 Model structure size
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Fig. 1 Schematic diagram of sidewall shrinkage PR A HE S/ mm !
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Table 3 PEMFC physical parameters and
operating conditions
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Fig. 4 Effect of temperature on battery performance
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positions and at different cutoff positions

TEHEIT L A b, B3 % AR A+ 53 B &, 3
ST TP AR AL 37 3 B X AL BVE R, HL R
FETE A XSGR B — Ay BRI, [A] s 7 o ki
135t 1), A B 5 HR R T G o ik 2] e v D (BT 2
TR 5 JE AR A RE 4 7R R AR R g ik 21 Ry A M
JFE IS X i TR R R AR AR T E
AR R, S O HL VAT % R UL G (1) HE B, 15 A ) i
AR RUREOE Y B G A% L1 R U % R A AR B S A R
AR AU B 247 TR AR A v Ak, R A T AR P AR /N
TLAE AR 73 R AR AR, R T L AR
2 I N R 5 1T A A 4 75 I 1T A e A K T AR E /S
AFR ARG AR M 1 A L R X e R A AR

SER, HL B A I R G R, RO R R AT B R Y AR
fb, M TFHRERL B 78, MEREWET, &
T R A R KB AE L,

2.1.2 BER@BESA

0.5 V TAEH T, B bl 35 1 AS [5]3R5 4%
TR AR Sy A th e s 6 (a) ITs . MR A,
JIEE3 TH ¥ B 0 A AR IR Sk A AR Ak, Bl A i R A e
IS T YEGL B8 PR 2 i 3 0 5 248 Y 3 3 AR AIE A 1 22 B
HeA i A 0 B 3, BA TS TP 4R i
R T URAE 2, R B TR R R R T AR
PHLRE 1G5 R P ) LA 2 B N TR AR e ot

]
SN
(4

28 _‘!}ﬁiﬁ*é}z: ——350°C ——60/°C ——170°C |—+80°C
Hihg: ——50°C —60°C ——70°C |—80°C
0 10 20 30 40 50 60

2r ~ /'\? \\\

BEES O /mm
(a) P TR o 2

34 36 38 40 4
HERTT 1)

Bl6 AN T R i i A ]

Fig. 6 Temperature distribution of membrane

surface at different temperatures
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Fig. 8 Effect of pressure on battery performance
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membrane surface at different pressures

2 LTIR AT A [ e gt 78 3 X e b 1 BB 52
Wi, AN ] o o el 3l 4 A 2 BB I ek, o LR
[ FESR N B R % BT S KESES
BT LAAS Y . BE A o T, R P A% R 4R
10, DR SR THT FEL I8 %88 5 3 A1 5 5 R S PN S A e
P& v, TR T U0 52 3% v oA A1 5 Pl S P A% Joi Pk g 42
o MMASRE Bl Tt R 5 Y, H vk BE AR
AR R LML R TE 0. 25 ~0. 3 MPa B ZE 30 HY 4 47
) R Sl B P RE
2.3 BAIRLZITE b3t R BRI

b2 b 2 5 i H b e S P RE R — S
BBR, B AL A&, B K fb2s it b, &
5 PEMFC BH FH B S 38 5 384 hn, 28 177 438 52 H 3l 7Y
1Y VA S e o H A = T [ L s a0 B 8
it i I, 2 5 B0 A AL )2 A9 SR R
A WA NG AR AR 55, 2 S G H Tt P
el BEEAEI R IR 10 ~90,
2.3.1 Wit

HLYELE R 80 °C 5% A 0.3 MPa il Akl &
S ik n& 11 frs, BEE I b 2A T
s 10 THE E 90, Hi vt FL 2 BE M 1,502 A/em® 2
THZ 1.568 A/cem® , TIFRE LM 0.751 W/em® $FFE
0.784 W/cem® SR T 4. 4% i J& T B & M Ak
i RS T, F Tt PR S N vk B I T T, R
o7 B J3IT A &7, Lt L A %8R R Ty R L B =2 A
T, Horp FE A I R X e, R Y Ak T S A
AR TAE DI, A2 b A el A ot e St 7% AL A
R e A /N | 5 Rk 2E T b 22 R i H Al 2
REZE 0 AT L2 AT, il A R 2 A G I, 4R i)
E e FL I B X3, 5 R A2 T TR R b A i
PEREAS B T — g R B 0 50, L1 i i e R 346 i 1
K AEAL TR o 90 i B by H ME e Fc -

1.0

rTo T 408

0.78 _ !
09F = N

0.75 / |
081 = 150 136

/. —=—10—e—30 s
0sF —a—50—v—170 |

90 ----

o
=N

ARV
5 3
SR (W)

N
3
193
=N
o
o

e
S

4 L L 1 1 1 1 1 1 1
00 02 04 06 08 10 12 14 16
HLIL R /(A em™)

BT BIM s o e b v BE R
Fig. 11 Effect of cathode stoichiometry ratio on

battery performance

¥ FE Mk . www. stae. com. cn



2025,25(21)

S, A - BRAE SRR T SR ASORE L 5 A% 00 B 24 T 7 T P R A R ) 8921

2.3.2 BA@mBENSH

0.5V TAEH KT, B il 35 1 AS A fb 24 0
FER IR A fh e 12 (a) s, MR B &,
& fb2Fi e 10 T & 90, FF 1 Hh 46 it i
2R AR AR I R T A IR R N R R, o B R B
T 3.9% 1. 4% , I H N BRI B 2 s i, Herp s i
R EEE LA S, I AR 22 5 1+
SR R TR T R HR T A DR IR
T PR N AR i, s g R R B AT X A
T P )40, A %) 5 A R T AT G P
A AR SR o R A XY R AR
SER 1) A PN, AR T A PR

5g [HEHIR: ——10 | ——30 ——50 ——70 ——90

BEHL: | — 10| —30 ——50 ——70 ——90

0 10 20 30 40 50 60
HEEN DAL E/mm

() P T ik 3 o 22

V275 A494
30

35 40 45 WRELC

F12 A LB i R oA 4.
Fig. 12 Temperature distribution of membrane

surface with different stoichiometric ratios

2.3.3 K&EH

0.5 V AR T, J5 A 2 A [A) e Ak 7K
AL E 13 (a) Jrn, WEEK LF BEH
Pzt R B R, A5 B AL B RS A
ANBERESE T, ELURIE DK i BE AR T/ 7 X, i
J2 DR A A X s R AR W A RO A ) HE
H 5 PRI R AN U Hh S R AR B T E K R

5%
=]
—

—_
W
T

i &7k &/(mol-m™)

wn

)

W% —— 10 ——30 —— 50 —— 70 —— 90

AR —— 10 ——30 —— 50 ——70 ——90
0 10 20 30 40 50 60
PEES N FALE/mm
(a) PSR T it J3€ o 2%

V277 e———— coeeeessm A 409
5 10 15 20 25 30 35 40 fukE/(mol'm?)
HERTT I

P13 AR H AR T K 5 6 434 ]
Fig. 13 Distribution of water content on membrane

surface with different stoichiometric ratios

IARTET 3.5% 3.8% , %t Tk RN
FETHIRE T RN SRR, — 53 A i K AN BE
BFHEH , S EOR FR E oK & &3, Horp fEFEFh
2 A Ab VRS A O ) TR T K A i b
K, HAET KK v B AR 1k 52 9 R R AR 1k, 3 & A
SR AFAR A N R 4 AR A B HE S BT X e
ANTR) (A5 30 2R AN [R] 17 5 3 7R G TP 4R B
Ab BT K & T RGeS,

25 LTI AR TR 22T F 5 b X L st P BE 1Y) 52 i
FREPE SR LA X HEAS [ B AR A 23 h i b T Bk
L% R K& BN S TSt bEE
AR Ak 2 1 BT g, B I A W 3 14 i s 2% 1
P 0 9 3 03 AT 4% T T e, MBS R I ek B 3R T AR A, FL
M FRK & IR, SRRE R R 1AL
FPE R, PEMFC 30 H 5 47 i A i Hh PR RE
PR B BB AL 2 1 L % i FE 70 ~ 90 YERTN

3 HiHEREIEM

3.1 HEMBUEMNTTE
VAL 5T 2 W1, AN [R] 45 4 2 MO0 T ) BE 4 72

ML . www. stae. com. cn



R T NI N N -

8922 Science Technology and Engineering

2025,25(21)

PEMFC % tH PERE (B R AR —KE b T 15 81 et
PESEGER , 2T PEMFC Bt P RE 1 T45 BT
Mot UL, A T BB L8 AT EM e & S5 0, (41
BB 75, 855 2RO TE S AGE T B AN #
VESHUT i WA E 5 % WA, (3 A 18 br AR R
— 7T RERE N N L S R R E S BT &1
(I ERERE | 59— 7 T M RE S WS bR 7E B2 T 0 %
SHLH:, PEMFC BAES A EINER 5 PR,

&5 PEMFC R ESHEHER

Table 5 PEMFC physical parameters and operating conditions

Etn TAERE &1 i L
WG THRAESEL 50 ~60 0.1~0.2 10 ~30
A& T BESH 60 ~70 0.2~0.25 50 ~70
HE M BESE 70 ~ 80 0.25~0.3 70 ~90

TERNFEAESECT S HGE L, Bt vk GE Y 8 2
FEE AR, )2 R T — A5k WA T
o5 i, HAE RS BIASCER [ 4 9 SE IR 2R o e
K, TV Lt i B S A &3, IR K A
M IRBE R 0 F

TR RIEAFEERIES A SR E A T br
BYAR XS BB, T4 BR LE AR B 1 ~ 9 XF TR |
P 7 I T P % S 3 T 7 5 ek ) A ) R
PEVEATIERAT 43, o AF b B (R BR =5, DU 17 2 48 B A
Xt TG B TR PR E

$E2 MRS R A RRIESHA S
TR J, (=1, 0, 10) , &k F,

Ay Qp Az Ay

J, = (aij)4><4 = (1)

a3 Axp Az Ay
Ay Qg Qg Ay
IR BT W AR [ O (E A S BT 4 IR
07 ARERE 5 e, | 4R [ 40— AL 753 1
FMAE «, .

4132
(()l- = Haij,i:1’2’3’4
N =1

o, (2)
So

JER T AL AT B A 17 4 5 1 3 0L A
b RO, W B ETT A B A A 6]
DTSR T A Y — 545 B AR o) 2
AR SR A, AR A3 2 — b 2 UK AE )7 3%, 2 R
PR R R b AL BE A8 45 2 55 O % WL A9 415
FCEE, PR, SRR A3 A S 2 7 R Ak A 1)
i RAUE R 2R,

o =

73 W AN IR o

AR R AR & SOR —FF A B 6 R B
U B BOR AL TG bR . A B8 b BN B
D7 VR AL A T8 bR A B A B R B

A 15 DNPEMRTER 4 DNVEN TR bR, 14 8 e B
X k0

X = (xij)15><4 (3)

Xof B TR U B R T /K 5 /N T P i
PERFE bR A

xf = max(x,) - x; (4)

X T U358 B | VU B B ORI M e A Y 8
A

X5 = Xy (5)
s x; AR ) T A R P RETR AR EL, i 4R
PRECH BT AR AT @ = 1,2, ,15 7 S50 o 46 5]
j=1,234,

TE2 bRtk

AR A — A eI R — A
S PRI AT L, r, S BREALIE R IR BRAE B4 9
R REAE PR . ey, Bn AL Ak F3 B B8 4
MR = (r[/')15><4 o

xf;— min(«x})

ry = ’ : ’ (6>
7 max(«}) - min(x))

TE®3 IEELR,
X T AR AEAL AT — s Ve BB R Al AR B

i B,

(7)
Py = 7%
HR4A AR R R B AR B, |
1 -E.
B= (8)
.2 (1 - Ej)

(R AR S AU 2 | R Ak
T ™ AR N

o, = 40‘,'35 (9)

2; aB;
K (9) oo, NFEFR i@ 19 WA ; 8, T8 45 i 1% W
B,

MR BRI EE R AN RHRAES BT £ 8 bp AT
WAL, 2R FHIZ IR 3 M AR 2 45 Fa bR B WAL, 1
PHREOEE A DN EPR I ZIECE |, B J5 TSR B
[ ESECT S8R SRR IR 6 s .

ML . www. stae. com. cn



2025,25(21)

S, A BRAE S RO T S AR L b S A 00 B 24 7 O

T BE Y52 ) 8923

*6 BHGRESBEETHSGHNE
Table 6 Combination weights under each combination of

operating parameter settings

He eIty FUANE  FUNE  AANE
IEHIIREE  0.466 8 0.157 2 0.3250
g TR 0.160 2 0.282 3 0.200 2
OB 2 T VIR 0.2775 0.2955 0.363 1
PELW & /KE  0.095 2 0.264 8 0.111 6
VEEIREE  0.277 5 0.247 6 0.3025
g YR ERE 0.466 8 0.162 6 0.3342
L% 1 0.095 2 0.184 3 0.077 2
PEFMm & KA 0.160 2 0.405 4 0.2859
WG RHERE  0.2775 0.187 5 0.223 3
e SRR 0.466 8 0.238 8 0.478 5
B % 1 i 0.160 2 0.228 4 0.157 0
JELH S KA 0.095 2 0.3452 0.1410

3.2 ETHM#EXEZENE S ERITEN
SR E R BT L PEREOL S, h B A IR
BOUETHAAREI# PEMFC it PEREPFA 8 bR 1 AL
FH o, SRS I T SR IR R R S G PPN R,
MIE T PEMFC fii th PERERVUFIR, JF5IALES
RIS O R e G NG AV NN S R S S|

ok & & 4

IE(E TR
i

UG T3
Jk £ it s

2 >, N >, ~, >, N B
() BRSSP RE B, He ka2 Ry B
H(5,,8,) = ./5,5, (10) B
S
S =-m 11
S, () AL
4mS,, by HAT s
5=, (12) )
Bk At
.S, AR IREA AR S, By B Ay AR, B “‘%ggz@

130 R TR IR E B 58, 0 7R 1k B 5 B v (8 () 1 FR
kb, #n PEMFC iy Pk RE#ET S I I R JEE 58, M T
NS B A M R JE A 13 9 T AR B, 678 PEMFC
i LT REAS R bR 0 A48

K ol ot A 2R A VR Y S B R
PEMFC i B HERBZR A 1T, DAL R 5 AN
X G AV 8 b (8 14V — (B0 AR 3 T 45 48 #
MRt 2, , DL 7 SRR 3 A 2, B . Z, .C.
7D Z, A A RCE A Y X8, 2 B s

ST et n F S A R, R RERES BT
B B IR SR A TP B AN 14 FR |, 455 A A
11 £ AOB . £ BOC . £ COD F1 £ AOD 1 5wt 2
WA (B Ty e 3 I (I P 30 2 | DB T VL B 5 1
K E BN IR bR AL A A, B A 0 A VA 20y
ST N A P bR A AR A A, AN [) B0 68 38 8 X I
AR AL bR I 3 AT iZ A AR i 0 — A, T
A TEA L A it 5 iR 22 B PR A Y, X6 EE 3 Ff
BAESECT ML G VRN AL, 7T LA ) PEMFC 7E
A MARAVES B E T b A4 e i

(c) 41

A RIERAEZHOT Wt Ik 14

Improved radar map with different

Kl 14
Fig. 14

operating parameters

4 Hig

HESL T B AR AN BE 45 LA PEMFC iy FLARE A
3T T ANTRIIREE AN [R] e 56 AN [R] B AR Al 2 T4 L

ML . www. stae. com. cn



R T NI N N -

8924 Science Technology and Engineering

2025,25(21)

PIEAESECT , f vt A 24 B | 5 3 1 7L 4 A
DI RE K A AR AR 25 T

(1) BAESEOARAR B4 il P& i s
it 2 B 2 2t ok U8 B R T R B ot L R
T K B R S P AR A B, P s A b
A LI 2 R L TRRE K S R B R TR A TR Ak

(2) JEHEAE 0.25 ~0.3 MPa ) B 47 74 7 3
T RS T, 5 N TR R, FE T e R T,
ELRE SR 6 1 B2 T, H b A 3 K s A
T BRI

(3) FEL 7l AL 07 ol 00 4 75 37 2 P b B o
RERZ IR/ )N | 70 245 760 375 3 A8 A 100 AR i Ak L 8 38
1) ey e e B AT, i I R Y TR RS
o7 A A5 2R A, 22 F Yt R BE A 70 ~ 80 °C, BH AR Ml
BEE D E PEMEFC P REFS 42Tt .

(4) AR AL 243 AR 70 ~90 B, FAAR A0 BE 4
UGB I WA i PR RE , HAR2A Tt o 90
B, 5 07 e e v, B A2 s e ) 200 L Yt 0
Ty B IR B i =i A 0. 784 W/em?

FeF LIRS, ST T T A TR A R
THIEEER PEMFC PEREZE A VA vk, 158 T/
A A e 208 7 7 M RE B DL IR A E S B ], AR R
70 ~80 °C  JE 3k 0.25 ~0.3 MPa fb2#it &1k 70 ~
90 [MIRAESEGE T, Ak e it BH B A B 455 54 3 16
R R b e RE

Z % X W

(1] HBRRMI, SRR SRE SR R A e IR S 2 [ 1], whE
Bl2EBEBE T, 2019, 34(4) ; 469477,

Shao Zhigang, Yi Baolian. Developing trend and present status of
hydrogen energy and fuel cell development[ J]. Bulletin of the Chi-
nese Academy of Sciences, 2019, 34(4) . 469-477.

[2] Fan L, Tu Z, Chan S H. Recent development of hydrogen and fuel
cell technologies: a review [ J ]. Energy Reports, 2021, 7:
8421-8446.

[3] Thiyagarajan P K, Jeganathan K, Panthalingal M K, et al. Effect of
combinations of different operating parameters on performance of
proton exchange membrane fuel cell[ J]. Thermal Science, 2021,
25. 2731-2740.

(4] XVHEZR, B0, sk E, 55 JF 2Bk f b = 4 BB 17

FORPFE 4558 [ 1], A [ HL T A2 22 4R, 2021, 41 (21):
7352-7369.
Liu Xiangrong, Jiang Yu, Zhang Xuexia, et al. Overview of three-
dimensional numerical simulation of proton exchange membrane fuel
cells[ J]. Chinese Journal of Electrical Engineering, 2021, 41
(21) : 7352-7369.

[5] Zhang S, Xu H, Qu Z, et al. Bio-inspired flow channel designs for
proton exchange membrane fuel cells: a review[ J]. Journal of Pow-
er Sources, 2022, 522 . 231003.

[6] XUZEM, XA, e, &F. =Fuatr 2400 PEMFC 32505

*QEMﬂJZWWW

PLEUE AT (1], RIS R 2 ( B ARBL =R , 2021, 49
(S1) . 238-244.

Liu Xintong, Liu Yongfeng, Pei Pucheng, et al. Numerical analysis
of the dynamic response of three operating parameters to PEMFC
[J]. Journal of Tongji University ( Natural Science Edition ),
2021, 49(S1) : 238-244.

(7] PN, 550, #/NF, S5, BRI %) BT 28 e AR H 1t

fvERE R s [1]. B EOR S TR, 2022, 22(7):
2741-2746.
Sun Feng, Su Dandan, Dong Xiaoping, et al. The influence of
cathode pressure on the output performance of proton exchange
membrane fuel cell [ J]. Science Technology and Engineering,
2022, 22(7) : 2741-2746.

(81 2%, SREME, TREaEH. 25 R AL i X 57 38 e AR v
Wtk aE Ltk [J]. BH2 AR 5 TR, 2024, 24 (8):
3229-3235.

Li Nan, Zhang Jinhui, Xu Ruiyang. Study on performance optimi-
zation of a new labyrinth runner for PEMFC[ J]. Science Technolo-
gy and Engineering, 2024, 24(8) . 3229-3235.

(9] ZJcBE, 28, Wi, 55, BAESHOG X BT 22 B bl i
MAERESE MRS [ ], B3R 5 TR, 2020, 20(7) -
2711-2718.

Meng Xianpan, Li Chao, Lei Han, et al. Simulation study on the
effect of operating parameter coupling on PEMFC performance[ J].
Science Technology and Engineering, 2020, 20(7) : 2711-2718.

[10] Jin L, Wang X J, Zhu J] W, et al. Sensitivity analysis of proton
exchange membrane fuel cell performance to operating parameters
and its applicability assessment under different conditions[ J]. En-
ergy Conversion and Management, 2021, 228, 113727.

[11] Yang Y, Jia H, Liu Z, et al. Overall and local effects of operating
parameters on water management and performance of open-cathode
PEM fuel cells[ J]. Applied Energy, 2022, 315, 118978.

[12] BEss, #iR, MER, 5. RGBT PEMFC 254 Ak
HIsZm[ )], BIREAR, 2023, 47(4) : 505-509.

Zhao Fuqiang, Dong Hongquan, Tian Hugang, et al. The influ-
ence of channel configuration on the comprehensive performance of
PEMFC[J]. Power Technology, 2023, 47(4) : 505-509.

[13] Zhao F, Dong H, Tian H, et al. Influence of operation parameters
on performance of variable section stepped flow channel fuel cell
[J]. Tonics, 2022, 28(4) : 1887-1901.

[14] Li C, Xu X, Hu H, et al. Numerical investigation into the effect
of serpentine flow channel with a variable cross-section on the per-
formance of proton exchange membrane fuel cell[ J]. International
Journal of Energy Research, 2021, 45(5) . 7719-7731.

[15] Ramin F, Sadeghifar H, Torkavannejad A. Flow field plates with
trap-shape channels to enhance power density of polymer electro-
lyte membrane fuel cells[ J]. International Journal of Heat and
Mass Transfer, 2019, 129 1151-1160.

[16] Yang C, Wan Z, Chen X, et al. Geometry optimization of a novel
M-like flow field in a proton exchange membrane fuel cell[ J]. En-
ergy Conversion and Management, 2021, 228 113651.

[17] Liu X, Chen J, Jin L, et al. Sensitivity analysis of current distribu-
tion to critical operating parameters for polymer electrolyte membrane
fuel cells[J]. Journal of Power Sources, 2023, 573 233068.

[18] Jin L, Wang X J, Zhu J] W, et al. Sensitivity analysis of proton

exchange membrane fuel cell performance to operating parameters

. stae. com. cn



2025,25(21)

S, A BRAE S RO T S AR L b S A 00 B 24 7 O

T BE Y52 ) 8925

[19]

[20]

[21]

and its applicability assessment under different conditions[ J]. En-
ergy Conversion and Management, 2021, 228 113727.

Yang T F, Sheu B H, Ghalambaz M, et al. Effects of operating
parameters and load mode on dynamic cell performance of proton
exchange membrane fuel cell[ J]. International Journal of Energy
Research, 2021, 45(2) ; 2474-2487.

Ren J, Zhang Q, Zhang Y, et al. Evaluation of slab track quality
indices based on entropy weight-fuzzy analytic hierarchy process
[J]. Engineering Failure Analysis, 2023, 149. 107244.
W, B, FMEDS, S R TIRAGE B0 TR B R TR
MU RE B3 vk MM [ J]. 4R3hA5 hadi, 2023, 42(19) :
4048.

Pan Jiaxuan, Qian Mengbo, Sun Fuxing, et al. Quantitative

[22]

(23]

[24]

analysis method and application of mechanisms with gaps and flexi-
bility based on entropy weight method[ J]. Vibration and Shock,
2023, 42(19) : 4048.

Liu X, Tan Z, Yuan Z, et al. Combination weighting-based meth-
od for access point optimization of offshore wind farm[ J].
Reports, 2022, 8: 900-907.

Wang Q, Guan Z, Zhang B, et al. Multilevel method based on

improved radar chart to evaluate acoustic frequency spectrum in

Energy

periodic pipe structure[ J]. Journal of Petroleum Science and En-
gineering, 2020, 189 106878.

Duan R, Tong J, Sutton A J, et al. Origami plot: a novel multiva-
riate data visualization tool that improves radar chart[ J]. Journal

of Clinical Epidemiology, 2023, 156 85-94.

ML . www. stae. com. cn



